Propofol is an intravenous anesthetic. Currently, it is not possible to routinely measure blood concentration of the drug in real time. However, multi-capillary column ion-mobility spectrometry of exhaled gas can estimate blood propofol concentration. Unfortunately, adhesion of volatile propofol on plastic materials complicates measurements. Therefore, it is necessary to consider the extent to which volatile propofol adheres to various plastics used in sampling tubing. Perfluoralkoxy (PFA), polytetrafluorethylene (PTFE), polyurethane (PUR), silicone, and Tygon tubing were investigated in an experimental setting using a calibration gas generator (HovaCAL). Propofol gas was measured for one hour at 26°C, 50°C, and 90°C tubing temperature. Test tubing segments were then flushed with N 2 to quantify desorption. PUR and Tygon sample tubing absorbed all volatile propofol. The silicone tubing reached the maximum propofol concentration after 119 min which was 29 min after propofol gas exposure stopped. The use of PFA or PTFE tubing produced comparable and reasonably accurate propofol measurements. The desaturation time for the PFA was 10 min shorter at 26°C than for PTFE. PFA tubing thus seems most suitable for measurement of volatile propofol, with PTFE as an alternative.
Introduction
General anesthesia could be induced and maintained by intravenously applied anesthetics e.g. propofol. The concentration of volatile anesthetics is measured endtidal and used for dosing in daily practice. The online monitoring of intravenous anesthetics is not possible currently. Therefore target controlled infusion system are used based only on pharmacokinetic calculations. However, the calculated plasma concentrations are theoretical with a mistake of minimal 25%. The online measurement of exhaled propofol would make sense. Exhaled concentrations of propofol can be measured at ppb concentrations dependent on the dosage in a range of approximately 0-50 ppb [1] [2] [3] . Various methods such as ion-molecule reaction mass spectrometry [4] , gas chromatography mass spectrometry [5] , proton transfer reaction mass spectrometry [2] , selected ion flow tube mass spectrometry [6] , multicapillary column ion mobility spectrometry [2, 6, 7] , and membrane inlet ion mobility spectrometry [10] have already been successfully used to quantify propofol in exhaled air. Propofol concentrations in blood plasma and breath correlate reasonably well [3, 4, 9] , suggesting that online measurement of exhaled propofol in breath is a possible way to personalize propofol dosing [7, [9] [10] [11] [12] [13] . Liquid propofol interacts with certain plastic materials [14] [15] [16] [17] , but the extent to which volatile propofol is absorbed from various plastics remains unknown. Adhesion of exhaled propofol to sample tubing is especially concerning since drug concentrations are typically in the ppb range. We evaluated five different types of plastic tubing, specifically comparing the tubing in terms of their sorption and desorption behavior in interaction with volatile propofol.
Materials and methods

multi-capillary column ion-mobility spectrometry (MCC-IMS) parameters
We used the MCC/IMS device, modified for propofol (BioScout, P-IMS; B&S Analytik GmbH, Dortmund, Germany). Gas samples were pre-separated by an OV5 (Multichrom Ltd, Novosibirsk, Russia) MCC with a total length of 20 cm and a temperature set to 90°C which provided a retention time for propofol of about 20 s in positive polarity detection mode. Samples were obtained for 20 s at 1 min intervals with a gas flow of 400 ml min . In contrast, the sample loop was flushed for 40 s at a rate of 100 ml min −1 between sampling cycles to eliminate dead volume from previous samples. This flush is in reverse direction of the sampling flow ( figure 1) . A total gas sample volume of 10 ml was taken on the MCC. The carrier gas flow rate to flush the MCC and to transport the sample was 150 ml min −1 . The gas flow rate against the ions within the IMS was 100 ml min
. Synthetic air (Air Liquide, Düsseldorf, Germany) (20.5% O 2 [4.5] , 79.5% N 2 [5.0] ) with a purity of 99.999% was used as IMS drift gas and IMS HovaCal carrier gas respectively.
HovaCal parameters
The calibration gas generator was a HovaCAL 4836-VOC (IAS GmbH, Oberursel, Germany) [20] . For dosing of liquids, syringes (1702.5TLLX, Hamilton Co., Reno, USA) with a volume of 12.5 μl were used for the propofol; for water, a 250 μl syringe used.
The propofol solution and plain water for humidity were vaporized at a temperature of 100°C. The calibration gas flow was 1 l min −1 , with a relative humidity of 100% at a reference temperature of 37°C which mimics exhaled breath.
Propofol stock solution
Propofol with a purity of 97% (Sigma-Aldrich, Seelze, Germany) was diluted in LC-MS grade H 2 O (Merck, Darmstadt, Germany) with an additional 1% v/v absolute ethanol (Carl Roth, Karlsruhe, Germany) to a final concentration of 90 μg ml −1
. The solution was freshly prepared for every single run and kept in a foilwrapped 100 ml glass bottle.
Experimental setup
HovaCal and MCC/IMS were connected via a twopart calibration gas output transfer tubing ( figure 1(A) ). The heated 2 m long transfer tubing included two tubings of equal length: a PFA (Bohlender GmbH, Grünsfeld, Germany) reference tubing and a variable test tubing. These were connected by a stainless steel 1/8' t-piece (Swagelok, Frankfurt, Germany) open at one end to avoid build-up of internal pressure. The test tubing section connected directly to the P-IMS was replaced after each experimental run to test five different tubing materials. The reference tubing was used throughout the whole study.
Measuring protocol
Tubing samples (both reference and test) were analyzed at three different temperatures: 26°C, 50°C, and 90°C. A blank measurement without propofol was made before each test to evaluate the background noise and to ensure that the tubing and the devices were free of propofol.
For every measurement at each temperature, tubing was flushed with 1 l min −1 for 1 h with a concentration of 15.72±0.04 ppb (mean of 1 h measurement with reference tubing ±SD) of vaporized propofol to monitor plastic saturation. After each saturation step, the reference tubing was removed.
The desaturation rate was then determined by rinsing the test tubing with 1 l min −1 N 2 (purity 3.5) for at least an hour, but longer if necessary until the propofol signal in the spectrogram was no longer visually apparent ( figure 1(B) ). Gaseous propofol concentrations were measured every minute via P-IMS throughout. . Reference gas flows from the HovaCal in direction of the IMS. While sampling, the gas is drawn to the IMS, otherwise the flow is in reverse direction of the sampling to eliminate dead volume from previous samples through the t-piece. 
=0
.9937. The abscissa x stands for the intensity values in volts. The dependent variable y provides the output in ppb. Based on this calibration curve, all measured signal intensities were converted in ppb.
Calculation of concentration curve parameters
The duration (t max ) needed to reach the concentration maximum (β max ) was determined for each tubing and temperature. t max was defined as the period from the start of the propofol vaporization until the propofol signal intensity reached its maximum at a given temperature. Similarly, the desaturation time (t desaturation ) was defined as the period from the end of the propofol vaporization until the propofol signal intensity falls below the threefold background signal intensity for five consecutive measurements. The sixth-to-last blank measurement at each temperature was considered to be the background signal intensity. The area under the curve was then calculated for each temperature.
Signal to noise ratio (S/N)
The S/N has been calculated at the retention time and drift time of Propofol (RT=28.1 s; 1/K 0 =0.68). Blank measurements have been used to determine the noise. The S/N at 26°C after 1 h of propofol vaporization was 118:1 for PTFE, 3:1 for Silicone, and 1.5:1 for Tygon.
Data analysis
P-IMS spectra and Peak intensities were analyzed with the software VisualNow 3.7 (B&S Analytik GmbH, Dortmund, Germany) [21] .
Results
Measurements of the tubing made of PFA, PTFE, silicone, and Tygon 3350 are shown in figure 2. Propofol vaporization caused an immediate and steep increase to near-maximal values, independent of the temperature. The maximal values (β max ) with PFA and PTFE ranged from 16.7 to 18.6 ppb (table 1).
Upon completion of the propofol dispersion (red bars), the intensity of the propofol signals decreased rapidly with both types of tubing. The time period until desaturation t desaturation was 23 min for PFA at 26°C, 13% shorter than at 50°C, and 17% longer at 90°C. The t desaturation of PTFE was 33 min at 26°C which is 40% longer than at 50°C. Further, increasing test temperature to 90°C only prolonged desaturation time by one minute. Our results at 26°C show that PFA desaturated 30% faster than PTFE. At 26°C and 50°C the exponential desaturation of PFA shows artefacts which are not present at 90°C. At the moment, it is unclear how this can be explained.
Silicone tubing sorbed nearly all gaseous propofol, with the peak concentration being only about 7% (26°C) respectively 9.4% (50°C) of the administered concentration (figure 2). Even after one-hour propofol gassing, only a weak peak ( figure 3 ) was shown. The maximum was first reached after 119 min (29 min after the propofol gas was stopped). t max was reduced at 50°C to 89 min. A plateau was not observed. After 30 min of desaturation, a very pronounced peak was still seen; t desaturation was with 381 and 110 min for both examined temperatures-the longest for each tested material. Additionally, the tubing produced a large number of interfering signals (figure 3).
Tygon 3350 was even worse, with no detectable propofol surviving transit through a meter of tubing at any temperature (figure 2). Furthermore, there was strong background noise at high temperatures (figure 3). Propofol was also undetectable at the end of PUR tubing.
Discussion
The examined material differed regarding the sorption-and desorption kinetics of propofol in the tubing material and in the production of interfering signals in the spectrogram. PFA and PTFE both produced comparable propofol measurements with maximal values that slightly exceeded the flush concentration which presumably results from a calibration error. The prolonged washout of PFA at higher temperature may result from a high coefficient of thermal expansion which increases surface area, thus slowing desaturation. Thermal expansion may also explain why the time to maximal saturation t max was greater at 90°C than at 50°C.
Since only a maximum of 10% of the induced propofol concentration can be detected at the end of a Figure 2 . Typical P-IMS measurement of propofol following the passage through sample tubing made of PFA, PTFE, silicone, or Tygon 3350. PUR is not shown as it displays the same course as Tygon. Initially, a blank measurement was made without propofol (white bars). Tubings were then flushed at 26°C, 50°C, and 90°C for an hour with 15.72±0.04 ppb propofol (gray bars)-except for Tygon which is not stable and silicone due to extremely strong background signals. And finally, tubing was flushed with N 2 to evaluate desaturation (red bars).
meter of silicone tubing, the material is clearly unsuitable for quantitative propofol measurements in expired air. The same applies to Tygon 3350 and PUR. For both, propofol was undetectable at the end of the tubing since propofol is almost entirely sorbed and there was strong background noise at high temperatures.
It is conceivable that additives such as softeners, stabilizers, oxidation preservatives, lubricants, and antistatic agents are responsible for the interfering signals. Since several signals showed very high inverse ion mobility, it is possible that it can be large softener molecules based on phthalic acid. It is also possible that a monomer dissolves from the polymer or that small amounts of the polymer are thermally decomposed. Especially with polyurethanes, small amounts of unreacted diisocyanate, diols, or oligomers from the manufacturing could leak out. This theory is consistent with the pungent, garlic-type odor we smelled when the material was heated to 50°C. It is already well established that various plastics quickly sorb substantial amounts of liquid propofol. Sall and Leong, for example, have shown that polystyrene tubing sorb 20% of aqueous propofol within an hour and more than a third over 24 h [18] . Aqueous propofol is also lost into polyvinylchloride tubing [17] . Given such substantial sorption of aqueous solutions (at μg ml -1 concentrations), it is hardly surprising that sorption of gaseous propofol (at concentrations of ppb) depends critically on the type of test tubing. Among the ones we tested, PFA and PTFE saturated equally quickly, but PFA desaturated faster and therefore appears preferable for quantitative propofol measurements in exhaled air.
Conclusions
Among the five materials we tested, silicone, PUR, and Tygon sample tubing sorbed all or nearly all volatile propofol and were thus clearly unsuitable. In contrast, PFA and PTFE tubing saturated almost immediately, producing comparable and reasonably accurate propofol measurements. The desaturation time for the PFA was 10 min shorter at 26°C than for PTFE. PFA tubing thus seems most suitable for measurement of volatile propofol, with PTFE as an alternative.
